Introduction
Selenium is a trace element that is essential at small amounts, but can be toxic at larger amount. Humans and animals require selenium for the function of a number of selenium-dependent enzymes, also known as selenoproteins. During selenoproteins synthesis, it is incorporated into a very specific location in the amino acid sequence in order to form a functional protein [1] . At least two types of selenoproteins are necessary for each animal cell, the first form is the family of glutathione-peroxidase and the second form is the family of deiodinases. Glutathione-peroxidases are the most powerful antioxidant enzymes, which defend the cell against oxidative damage induced by oxidative stress related diseases and disorders such as cardiovascular disease, malignancies, bacterial or viral diseases, muscle dystrophy and arthropathy [2] . Gärtner reported that the plasma selenium levels indicate the amount of circulating selenoproteins and selenoenzymes which are important for modulating the immune system and also for thyroid hormone metabolism [3] . Sodium selenite is commonly used as a direct supplement for the treatment of selenium deficiency. Selenium had antiperoxidative effect and capacity to prevent cancer [4] . Liao et al. [5] reported that selenium played a beneficial role for prevention of cisplatin hepatotoxicity in mice. Selenium has a protective effect against rat liver and kidney damage induced by mercury chloride and by cadmium [6, 7] .
Carbimazole is an antithyroid drug that is used for treatment of hyperthyroidism [8] . Frenais et al. [9] reported that carbimazole is a common oral treatment for hyperthyroidism in cats. On the other hand, the use of carbimazole was accompanied by deleterious effects some organs. Ali et al. [10] reported that carbimazole produced mild necrosis of renal tubules in rats. Marazuela et al. [11] mentioned that carbimazole was capable of inducing acute pancreatitis and cholestatic hepatitis in a 33-year old female. Zaidi et al. [12] reported that carbimazole administration even in therapeutic dose during pregnancy and lactation resulted into alteration of the thyroid microstructure of the newborn. Pulmonary haemorrhage and necrotizing glomerulonephritis were associated with carbimazole therapy [13] . Vilchez et al. [14] reported that carbimazole therapy caused agranulocytosis, hepatotoxicity with severe cholestatic jaundice effects.
The present work investigated the effect of selenium on carbimazole induced hepatotoxicity in Albino rat.
Materials and methods

Animals and treatments
Forty sexually mature male Albino rats (Ratus norvegicus) weighing (150依10) g were used. Animals were kept in the laboratory under constant temperature of (24依2) °C throughout the experimental work. They were maintained on a standard rodent diet composed of 20% casein, 15% corn oil, 55% corn starch, 5% salt mixture and 5% vitaminzed starch (Egyptian Company of Oils and Soap, Kafr-Elzayat, Egypt). Water was available ad libitum. Animals were maintained and experimental procedures were complied with the guide for care and use of laboratory animal. They were divided into four groups (n=10). Group 1 animals served as normal controls; Group 2 animals were orally given sodium selenite (10 μg/kg body weight [15] , daily for 8 weeks. Na 2 SeO 3 was obtained from Laboratory Chemicals Division, British Drug Houses Ltd., England. It was dissolved in distilled water; Group 3 animals were orally given carbimazole which was obtained from Chemical Industries Development, Giza, A.R.E. as tablets supplied under the trade name Neo-Mercazole. It was dissolved in distilled water and orally administered to animals at a dose level of 1.35 mg/kg body weight (equivalent to the therapeutic dose for human) [16] , daily for 8 weeks. Group 4 animals of this group were orally administered carbimazole (1.35 mg/kg body weight) and sodium selenite (10 μg/kg body weight) daily for 8 weeks.
Histological study
Ten animals from both the control and treated groups were sacrificed by cervical decapitation after 8 weeks of treatment. Immediately after decapitation animals were dissected, livers were removed and fixed in 10% formalin. After fixation, specimens were dehydrated in an ascending series of alcohol, cleared in two changes of xylene and embedded in molten paraffin wax. Sections of five microns thickness were cut using rotary microtome and mounted on clean slides. For histopathological examination, sections were stained with Ehrlich's haematoxylin and counterstained with eosin. Liver sections were graded for the degree of fatty change and inflammation.
Steatosis was scored as follows: 1 when less than 25% of the cells contained fat droplets, 2 when 25-50%, 3 when 50-75% and 4 when >75% contained fat droplets. Inflammation was graded 0 to 3, 1 indicated the presence of scattered inflammatory cells, 2 indicated the presence of foci of inflammatory cells and 3 corresponded to diffuse inflammation.
Biochemical studies
For biochemical assays, blood samples were collected from animals and sera was obtained by centrifugation of the blood samples and stored at -20 °C . Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were determined colorimetrically according to previous research [17] . In addition, fresh tissue samples of liver were homogenized in 0.1 mol/L phosphate buffer (pH 7.4) using a polytron homogenizer until a uniform suspension was obtained.
The homogenate was centrifuged and the clear supernatant was separated. Malondialdehyde (MDA) was measured according to the method of Ohkawa et al [18] . Superoxide dismutase (SOD) activity was determined according to the method of Rest and Spitznagel [19] .
Catalase (CAT) activity was determined according to Aebi et al [20] .
Statistical analysis
All results are given as mean依SD and statistical analysis was performed using One way ANOVA to assess significant differences among treatment groups. The criterion for statistical significance was set at P<0.05. All statistical analyses were performed using SPSS statistical version 16 software package (SPSS® 4 Inc., USA). 
Results
Histological results
Biochemical results
Change in ALT and AST
Serum ALT activity in different groups was shown in Figure 4A .
There was no statistical difference between the control rats and those receiving selenium alone. Carbimazole-treated animals showed significant increase in serum ALT activities when compared to the control group. Non-significant difference in serum AST activity was recorded in animals treated with selenium when compared with control group ( Figure 4B ). Treating rats with carbimazole showed significant increase in serum AST activity while a significant decrease in AST activity was observed in animals treated with carbimazole and selenium. Treating rats with carbimazole and selenium caused a decrease in MDA level and increase of SOD and CAT activities.
Discussion
Carbimazole was found to cause adverse effect on hepatic tissue and its enzymatic activities in Albino rats. Carbimazole led to significant increase in the activity of serum transaminases (AST, ALT h by abdominal pain, pruritis, and increased serum transaminase levels. Light microscopy of a liver biopsy showed increase of portal zone cellularity over the control and the electron microscopy revealed fine structural changes compatible with drug-related liver injury [21] . Blom et al. [22] described a patient with cholestatic hepatitis following the use of carbimazole. The liver biopsy showed intracanalicular cholestasis and some mononuclear cell infiltrate in the portal triades. A woman, after receiving carbimazole for hyperthyroidism for 3 months showed predominantly centrilobular cholestasis [23] . Epeirier et al. [24] report the case of a patient who developed jaundice, encephalopathy, marked increase in serum aminotransferase activity and a decrease in prothrombin and proaccelerin levels, after 6 weeks' treatment with carbimazole and propranolol for hyperthyroidism. A 37-year-old woman with severe hyperthyroidism treated with carbimazole developed agranulocytosis and severe mixed hepatotoxicity with severe cholestatic jaundice [14] .
Transaminases, AST and ALT increased significantly in sera of rats treated with carbimazole. It was reported that transaminases were considered to be a more sensitive measure in evaluating liver function and damage. The elevations in serum levels of these enzymes may result from liver damage e.g. acute hepatocellular damage or extrahepatic obstruction, or both [25] . In agreement with this result, Ajayi and Akhigbe recorded an increase in transaminases after induction of hypothyroidism by carbimazole in rats [26] . They added that carbimazole caused lysis of hepatocytes.
Treating animals with carbimazole in the present study indicated a signifficant increase in malondialdehyde and reduction in the activities of the antioxidant enzymes (SOD and CAT). Similarly, Sakr et al. [27] reported that carbimazole caused significant decrease in SOD and CAT and an increase in MDA. Vijayakumar and Nalini showed that superoxide dismutase, catalase and glutathione peroxidase were reduced in erythrocytes of rats treated with carbimazole compared with control animals [28] . It was reported that excess levels of reactive oxygen and nitrogen species can attack biological molecules such as DNA, protein and phospholipids which led to increase of lipid peroxidation and depletion of the antioxidant enzymes (superoxide dismutase, catalase and glutathione peroxidase). In the present work, a high lipid peroxidation with a concomitant decrease in the enzymatic antioxidant status, superoxide dismutase and catalase were recorded. The decrease in antioxidant enzymes activities might be due to excessive consumption secondary to the flux of superoxide radicals or due to further decrease in the activities of these protective enzymes. Therefore, the reduction in the activities of these enzymes may result in a number of deleterious effects due to the accumulation of superoxide radicals and hydrogen peroxide. Thus, it is concluded that carbimazole-induced oxidative stress in rats, which resulted in the hepatic toxicity observed in the present work.
Rats given carbimazole in combination with selenium exhibited a significant improvement in the hepatic alterations induced by carbimazole. Similarly, Fuentealba et al. [29] demonstrated that selenium supplementation to Wistar rats resulted in a reduction in the severity of Cu-associated morphologic changes in the liver.
Selenium-enriched lactobacillus decreased liver injury and lipid peroxidation induced by CCl 4 administration in mice [30] . Shen et al. [31] observed that supplementation of the diet with vitamin E and selenium decreased hepatic fibrosis produced in rats by acute and chronic CCl 4 administration. El-Shenawy and Hassan reported that rats given selenium incombination with the HgCl 2 injection showed a significant decrease in serum ALT and AST levels as compared with HgCl 2 group [6] . Selenium supplementation has a protective effect on hepatic fibrosis induced by CCl 4 in mice. The decreased hepatic fibrosis after chronic CCl 4 administration in mice supplemented with selenium occurred in the setting of decreased inflammation and increased apoptosis [32] . The present results showed that inflammation and steatosis decreased in liver of rats given carbimazole and selenium. In agreement with result, Kim et al. [33] reported that selenium have anti-inflammatory properties. Vunta et al. [34] recorded that selenium supplementation was found to decrease inflammation for all aerobic organisms and so the organism is well equipped with antioxidants that directly or indirectly protect cells against the adverse effects of xenobiotics and toxic radicals [35] . By concomitant treatment of rats both to carbimazole and selenium the activities of SOD and CAT remain at the level of the control values, indicating that selenium eliminates the toxic effects of carbimazole on the activity of these enzymes. Sefi et al. [36] showed that exposure of rats to methimazole promoted oxidative stress with an increase in liver malondialdehyde levels and a decrease in the activities of liver glutathione peroxidase, superoxide dismutase and catalase. They added that coadministration of selenium through diet improved all the biochemical parameters. Yu et al. [37] reported that selenium inhibited oxidative stress, apoptosis and cell cycle changes induced by excess fluoride in kidney of rats. Grotto et al. [38] reported that in rats chronically exposed to low levels of methylmercury, selenium co-administration showed a significant reduction in methylmercury-induced genotoxicity, reestablished glutathione peroxidase activity and reduced DNA damage. Viezeliene et al. [39] concluded that selenium has a protective effect against aluminiuminduced oxidative stress in mouse liver in vivo. Treatment of diabetic rats with selenium and vitamin E or their combination blunted the increment in malondialdehyde and reduction in superoxide dismutase and aldehyde oxidase [40] . Treating rats with dimethoate promoted oxidative stress with an increase in malondialdehyde and a decrease in glutathione peroxidase, superoxide dismutase and catalase activities in liver of rats. Co-administration of selenium and/ or vitamin E through diet was found to have antioxidant effect [41] .
It is concluded from the obtained results that selenium protect rats against hepatotoxicity of carbimazole and this is attributed to its antioxidant activity.
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Comments
Background
Carbimazole is an antithyroid drug that is used for treatment of hyperthyroidism. However, the use of carbimazole was accompanied by deleterious effects in some organs (hepatotoxicity, necrosis of renal tubules, adverse and pulmonary effects).
Research frontiers
This study evaluated the effect of the antithyroid drug, carbimazole on liver of albino rats and the possible protective effects of selenium.
Related reports
The data presented in this manuscript showing that selenium treatment prevent hepatotoxicity induced by the carbimazole treatment in the Albino rats.
These findings are in agreement with the previous studies by Liao 
Innovations and breakthroughs
The antithyroid drug, carbimazole is widely used in the treatment of hyperthyroidism. A growing body of data confirmed several systemic side effects after use of this medication. This study assesses the possible beneficial effect of selenium after liver damage induced by the antithyroid drug, aarbimazole treatment into the rats.
Applications
The selenium treatment prevents the histological damage in the liver as well as biochemical abnormalities induced by the antithyroid drug, carbimazole in the Albino rats. These results support development of protective approaches for unwanted side effects resulted from antithyroid drug, carbimazole treatment and might offer a greater chance of successful use of carbimazole with minimum side effects.
Peer review
This is a good study in which the authors examined the use of trace element such as selenium in the liver histological and biochemical damage induced by the antithyroid drug, carbimazole in Albino rats. The result is interesting and suggested that selenium may be successfully used with carbimazole treatment with minimum side effects.
